The aim of the present research is to provide the base line details of the NNW-SSE trending Raintoli fault (RF) which is running parallel to the North Almora Thrust (NAT) along the Saryu valley from Seraghat-Naichun to Seri in the central sector of the Uttarakhand Himalaya, India. The RF is characterized as dextral strike slip fault and behaves as a ductile shear zone within the zone of NAT. The dextral sense of shear movement of RF is delineated by the fabric of the shear zone rocks including microscopically observed indicators such as sigma and delta porphyroclasts, quartz c-axis, and the field structural data. Additionally, in the quaternary period the dextral strike slip fault is reactivated with oblique slip component as characterized by various geomorphic indicators, for example, triangular facets, abandoned river channels, unpaired fluvial terraces, and V-shaped valleys with recurrent seismicity. Further, the morphometric parameters including Valley Floor Width to Valley Height ( ), asymmetry factor (AF), and gradient index (GI) further prove active nature of RF as suggested by low values of hypsometric integration, V-shaped valley, higher gradient index, and tilting of Saryu basin.
Introduction
The Himalaya has been divided into four lithotectonic subdivision from south to north, for example, Siwalik or SubHimalaya, Lesser Himalaya, Higher Himalaya, and Tethys Himalaya [1] . The intracrustal boundary thrusts, for example, Himalayan Frontal Thrust (HFT), Main Boundary Thrust (MBT), Main Central Thrust (MCT), and Trans Himadri Fault (THF), have been separating the lithotectonic unit from south to north, respectively (Figure 1(a) ). Further, the Lesser (Central) Kumaun Himalaya, stretching from Nepal to Himachal Pradesh, is characterized by allochthons nappes (Thrust sheets), for example, Almora nappe, Ramgarh nappe, and Krol nappe, and tectonic windows within which the Precambrian-Cambrian autochthons are exposed [1, 2] . The Almora nappe is a consequence of tectonic transport of the rocks of Higher Himalayan Metamorphic Belt to the Lesser Himalaya over the Main Central Thrust (MCT) during Eocene-Oligocene [3, 4] . The Almora nappe is the largest of the Klippe/nappes distributed along the Himalayan arc [5] . The northern and southern flanks of Almora nappe were described as the North Almora Thrust (NAT) and South Almora Thrust (SAT), respectively [2] . The southern limb is thicker and gently dipping about 20 ∘ -30 ∘ toward NNE/NE direction, whereas the northern limb is thinner and steeply inclined, for example, 45
∘ -75 ∘ SSW/SW [6] . Further, a large scale shear zone of the NAT is characterized by the presence of the mylonitic sequence [7] [8] [9] . Moreover, the Lesser Himalaya is characterized by the tear faults and fracture zones are oriented predominantly NW/NNW-SE/SSE direction [10] . Thus, the thrust bounded synclinal nappes and the subsidiary thrusts/faults have been reactivated in the Figure 1 : (a) Lithotectonic units of the Himalayan orogenic belt [20] ; (b) tectonic set-up through the Kumaun Himalaya showing major tectonic boundaries with the location of RF along the zone NAT [20, 21] ; (c) drainage map of the studied sector of the Saryu River with delineation of RF. (Figure 1(b) ). Presently investigated fault, for example, Raintoli Fault (RF) coincides with the NAT for 20 km from Seri to Naichun, which passes through Naichun, Raintoli, and Seri (Figure 1(c) ). Along this segment, the RF [10, 21] or Saryu River Fault (SRF, [22, 23] ) behaves as a dextral strike-slip fault. In the present study, we prefer to describe the fault as Raintoli Fault (RF) and our aim is (1) to determine the sense of movement and provide the structural overview of the RF using the field observations, kinematic and quartz C-fabric, and (2) quaternary reactivation of RF within the zone of NAT using geomorphotectonic data sets.
Geological Setting
The Lesser Himalaya Sequence (LHS) in the Kumaun Himalaya is further divided into the inner (older) Lesser Himalaya and outer (younger) Lesser Himalaya [3, 4, 21, 24, 25] (Table 1) . At the base of Lesser Himalaya, the rock of Damtha Group comprises the Chakrata and Rautgara Formation. The Damtha Group was conformably succeeded by the Tejam, Jaunsar, Mussoorie, Ramgarh, and Almora Groups of rock (Table 1) . The different Groups further consist of various formations (see Table 1 ). The study made up with the rocks of Almora crystallines consists of the mylonitized quartz porphyry of the Saryu Formation of Almora Group, which overlay coarse grained arenites and calcareous slates of the Rautgara Formation of Damtha Group with a tectonic contact, that is, the NAT and the Precambrian metasedimentaries of Deoban Formations of Tejam Group [1, 2, 21] ; see Figure 2 (a). The tectonic history of Almora nappe is characterized by three distinguishable structural regimes, for example, preshear zone structures, syn-shear zone structures, and postshear zone structures with respect to the basal shear zone of the Almora nappe [9] . Along the NAT, a zone of mylonitic rocks is developed due to strain localization during the tectonic emplacement of the Almora nappe over the Lesser Himalayan sequence [26] .
Methodology
The structural overview of the area is based on the detailed field observations, petrofabric and quartz c-axis analysis using the oriented samples (parallel to dip section), representing the plane of finite strain ellipsoid (with ≥ ≥ axes). The microstructural analysis was carried out under the optical microscope and shear sense indicators were used to detect the sense of shear [27] [28] [29] [30] . The Lattice Preferred Orientation (LPO) was analyzed after Passchier and Trouw [31] , Turner and Weiss [32] , and Kutty and Joy [33] . A minimum of 300 grains were measured in each sample. As the optic (001) c-axis in quartz grains can be measured and plotted easily, the quartz grains were studied in detail. For fabric diagrams, the oriented thin sections, mounted on a universal stage, were studied. The stereographic plots were created following Kutty and Joy [33] .
The geomorphic observations were based on the extensive field surveys and various morphometric parameters using Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) image with 30 m resolution and geographical toposheets at 1 : 50,000 scale. The morphometric parameters such as CL (channel length), VL (valley length), and AL (shortest air distance between source and mouth of the river) were measured from Survey of India toposheet (1 : 50,000 scale). Further, the Channel Index (CI), Valley Index (VI), Hydraulic Sinuosity Index (HSI), Topographic Sinuosity Index (TSI), and Standard Sinuosity Index (SSI) were calculated using the formula as given by Muller's [34] ; for example, CI = CL/ AL; VI = VL/ AL; SSI = CI/ VI; HSI = % equivalent of (CI − VI)/(CI − 1); and TSI = % equivalent of (VI −1)/(CI − 1).
To understand the tectonic tilting and basin asymmetry, the asymmetry factor (AF) was calculated using the formula given by Keller and Pinter [35] , which is defined as AF = 100( / ), where is the area of the basin to the right (facing downstream) of the trunk stream and is the total area of the drainage basin. The value below and above 50 may suggest tilting [35] . The tilting of the basin is also verified by topographic symmetry factor ( ) which is defined as = Da/Dd, where Da is distance from the midline of the drainage basin to the midline of the active channel and Dd is distance from the basin midline to the basin divide. It is assumed that = 0 when the basin is perfectly symmetric and the value greater than 0 indicates the migration of stream channels which may be an indication of possible ground tilting in a direction [36] .
For differential uplift of the river basin, the value of stream length gradient index (GI) was calculated with the help of the longitudinal valley profile using the formula given by Rhea [37] , for example, GI = (ℎ 1 − ℎ 2 )/ ln 2 − ln 1 , where ℎ is elevation and is distance. Additionally, the hypsometric curve, generated by Microdem using ASTER GDEM image and hypsometric integral (HI), was prepared using the formula HI = mean − min / max − min , where mean , max , and min are the mean, maximum, and minimum elevation, respectively. The ratio of Valley Floor Width to Valley Height ( ) was calculated using the formula ( ) = 2 fw /[( ld − sc ) + ( rd − sc )], as given by Keller and Pinter [35] , where fw , is width of the valley floor, ld and rd are elevations of left and right valley divides, and sc is elevation of the valley floor.
Structural Overview

Structural Set-Up of the Area.
The NNW-SSE trending fault mainly Raintoli Fault coincides or is roughly parallel to the NAT [21, 26] , which has formed as a consequence of severe tightening of folds of the autochthon [6] . The rocks along the NAT and the RF are almost crushed or recrystallized as observed along the Saryu valley from the Naichun to Seri section. Further, the mylonitic rocks have developed due to strain localization along NAT [26] . The mylonites are fine to medium grained, highly compact, and streaky banded in nature. These rocks are found in the wide zone of NAT and NNW-SSE trending RF, formed as a result of recrystallization of mineral grains of granite and quartzite under ductile deformation. The rocks in the zone of NAT and RF are characterized by various structural features, for example, bedding surface ( ), cleavage ( 1 ), and schistosity ( 2 ), boudinage, mineral lineations, slickenlines, and the folds with almost vertical axial planes (inverted tight to isoclinal). The bedding ( ) is prominent in the Rautgara and Deoban Formations, in which the S-pole diagrams of show a large scale regional folding with NW-SE trending axis ( Figure 2(b) ). Highly deformed quartzite shows significant bedding plane, dipping 40 ∘ to 60 ∘ towards SW at Naichun (see Figure 2 (a)). The mylonites are highly sheared, with shear planes dipping towards N30 ∘ E-S30 ∘ W. The S-pole diagram of foliation has a mean cleavage plane dipping towards SW direction (Figure 2(c) ). The C-S fabrics were developed in the mylonite and rocks of Rautgara Formation perhaps dipping towards SW direction and suggesting the downdip movement (Figure 3(a) ). Further, the slickenlines in mylonites, quartz arenites, and slates of Rautgara Formation mostly trend in SW direction (Figure 3(b) ). The slickenlines developed on 1 surface of mylonitized granite gneiss near the Ara, trending 52
∘ towards the SW ( Figure 2 ). The 1 surfaces of mylonitic granite gneiss trending towards SW are developed parallel to the extension direction. The crenulation lineations are well developed in mylonites, plunging 40 ∘ -55 ∘ towards NW. The tight to isoclinal folds with vertical axial planes are observed. Drag folds were also observed mainly in the mylonites and phyllite showing axial planes convergence beyond 45 ∘ in SW direction along the shear planes ( Figure 3(c) ). These types of folds are possibly formed due to fault propagation or may also develop as a result of frictional drag and differential compaction into monoclinal warps present at the fault tips [38] . The rotated boudins in the Rautgara rocks are well developed along the Mano gad (gad = stream) at Seri (Figure 3(b) ) and these may have originally been developed as continuous rigid (competent) band between relatively less competent layers and folded along the shear plane.
Microscopic
Observations. The rocks of the Saryu Formation appear to be highly sheared and recrystallized with stretching of mica minerals and development of quartz porphyroblasts (Figure 4(a) ). Under petrographic analysis, recrystallization of rocks was also observed by broken fragments and matrix of ultramicroscopic grains (Figure 4(b) ).
The rocks of Deoban Formation shows comparatively coarser twinned dolomitic calcite with at least one set of cleavage (Figure 4(c) ). The metalimestone shows the kink bands (Figure 4(d) ). The quartzite and slates generally form fine grained clusters of highly recrystallized quartz which occur as ribbon. The recrystallization may have resulted from progressive rotation of subgrains and grains boundary migration (Figure 4(e) ). The crystallized quartz also shows sharp boundaries (Figure 4(f) ). The feldspar porphyroblasts are surrounded by muscovite and biotite flakes, in which the internal and external schistosity indicate predeformational history of the rock. Most quartz porphyroclasts are composed of fine recrystallized material formed by the recrystallization from the rim of the porphyroclasts, suggesting that the rate of recrystallization was increased with the intensity of deformation [39] . the orogenic systems [8, [40] [41] [42] [43] [44] [45] . The shape of the deformed trails on some mantle porphyroblasts have been used as shear sense indicators [31, 46] . In this study, 11 (out of 17 oriented samples) sections were prepared parallel to the stretching lineation (dip direction) for Quartz c-axis fabric and kinematic study. Significant kinematic structures, mainly mantle porphyroblasts in mylonites (e.g., sigma and delta types) with occasional microfaulting, seems to be important fabric elements [47] .
The delta type structures are formed when the rate of rotation becomes higher than the rate of dynamic recrystallization [31] and have monoclinic shape symmetry, which is developed by the breakdown of porphyroclasts due to rotation in the process of deformation (Figure 4(g) ). These structures show SW movement of the shear zone along the NAT and RF.
The sigma type porphyroblasts are formed when the rate of dynamic recrystallization is higher than the rate of shear strain [31] . In such structures, the median line does not cross the schistosity trend or reference line and rotation rate is also lower and therefore is frequently found in samples (see Figure 4 (h)). Additionally, the microfracturing was also observed in feldspar porphyroclasts.
Lattice Preferred Orientation (LPO) of Quartz c-Axis
Fabric. The fabric study of grains, particularly LPO of quartz grains, provides valuable information on fabric pattern under different strain conditions and on the kinematic of flow [31, [48] [49] [50] [51] [52] . The RF shows the central girdle as asymmetrical or monoclinic in all cases, indicating a noncoaxial deformation or rotational strain ( Figure 5 ). The stereo plots of quartz caxis for various samples indicate the type-1 crossed girdle fabric distribution and represent the c-axis maxima near the periphery of the net [39] . The pattern of c-axis fabric also shows marked asymmetry with respect to tectonic deformation, most commonly of rotational type [53] [54] [55] . The fabric diagrams of our samples show an asymmetrical or monoclinic fabric and asymmetry of girdles, suggesting the dextral or down-dip movement from top to south in all cases (see Figure 5 ).
Landscape Characteristics of RF
Field Observations of Geomorphic Activities.
The tectonic rejuvenation along the NAT was suggested not only by number of geomorphic features, for example, abandoned channels, tilted terraces, and development of unpaired terraces but also due to development of a number of transverse faults, for example, Chaukhutiya and Raintoli [10, 23, 26] . Here, we investigate the NNW-SSE trending Raintoli Fault (RF), which shows the dextral or right lateral strike-slip movement along the Saryu valley from Seraghat to Seri. The quaternary reactivation of the RF may have been responsible for the landscape evolution of the area. In general, a series of cones and facets are developed within the trace of the fault. Generally, the triangular to polyhedral hill slopes are situated between two adjacent drainage structures within a given mountain front escarpment [56] , which are generated by the recurrent faulting along the base of the escapements [57, 58] and mostly occur in the tectonically active areas [59] . The braiding of the river, series of triangular fault facets and cones, abandoned river channels (Figure 6(a) ), entrenched meandering of river ( Figure 6(b) ), huge mass movement at right bank (see inset image of Figure 6 (b)), old and stabilized landslide cones, and colluvial fans are prominent features in the studied area. Normal to incised meandering, river ponding, and three levels of river terraces at right bank near Nali-Naichun area with wide and V-shaped valleys point to Generally, the Saryu River is very wide from Seraghat to Naichun along the zone of NAT (see Figure 6(a) ). The movement along the NAT is suggested by the abandoned river channel with development of unpaired fluvial terraces with uplifting of a terrace about 44 m [22] . The continued compression along the NAT may also be suggested by the mass movement along the right bank of Saryu River (inset image in Figure 6 (b)) and also along its tributary near Seraghat (Figure 6(e) ). The sudden swing of Saryu River flow from NW-SE to almost N-S with the abrupt straightening and narrowing of the river valley, followed by the narrow gorge and slope break in river profile from Naichun to Seri, points to the quaternary reactivation of RF (Figures 7, 8(a), and 8(b) ). The right lateral RF is also responsible for the straightening of the Mano gad, a tributary of Saryu River (see Figure 6 (f)).
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Pant et al. [22] mention the two phases of movements along the Saryu valley as result of not only reactivation RF/SRF, but also NAT. The tectonic rejuvenation of the RF/SRF not only has caused the tilting of terrace by ∼11
∘ towards north at Jateshwar temple near Raintoli, but also has been responsible for deposition of flood plain levee of Saryu River at Ara [22] .
Morphometric Analysis
Sinuosity Indexes.
The main contribution of drainage pattern within the basin is from right bank of the Saryu River along the RF (see Figure 1(c) ). The 1st and 2nd orders of drainage systems are mostly oriented towards NNE-SSW with some towards NNW-SSE. However, the 3rd order pattern represents NNE-SSW and NNW-SSE dominated lineaments with the vector mean towards NNW-SSE. The NNW-SSE orientation of drainage pattern is influenced by the NNW-SSE trending RF. The topographic features in the above sector also suggest that the drainage pattern is strongly controlled by multiple events of tectonic activity. During the first phase of tectonic activity, the NNW-SSE trending drainage was formed, whereas the latter phase may have created the NE-SW trending drainage. The drainage frequency and entrenchment are more prominent in the right bank compared to the left bank of the river. We assume that the entrenchment and high drainage frequency were due to the vertical upliftment in the Saryu River.
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The Standard Sinuosity Index (SSI) values of 1.03-1.07 between A and C sections reveal straight to sinuous state of the river. The increased SSI (∼1.60) in the bend C-D (see Figure 7 (a); Table 2 ) point to the meandering at locality Nali (see Figure 7 (a)) as is also proved by the field investigations (see Figure 6(c) ). The decreased SSI of 1.13 for bend D-E, 1.15 for bend E-F, and 1.19 for bend F-G indicate a nearly sinuous to braided river condition ( Figure 7(a) ; Table 2 ). The river flows in nearly straight to sinuous state from points G to K and subsequently attains the braided state. The HSI seems more dominant than TSI from bend A to G and K to L, where the river becomes very wide and flows in braiding channels and forming terrace. In general, both HSI and SSI values from bend H to K (50% for both the parameters) signify narrow river course or a gorge ( Table 2 ). The sinuosity parameters have earlier been used to understand the role of tectonism [60] . Muller [34] included the role of topographic factor while computing the sinuosity indices. The hydraulic sinuosity and topographic indices may be affected by climate but the latter also includes the component of tectonism, which can lead to the modification of slope and topography [61] . Our analysis suggests that the area is controlled not only by the topography but also by the hydraulic factor such as climate.
Drainage Basin Asymmetry.
The asymmetry factor (AF) is measured to detect the tectonic tilting and degree of asymmetry in drainage basin [35, 62] . The AF value above or below 50 may suggest tilting [35] and this can also be proved by the transverse topographic symmetry factor ( ). When the increases, asymmetry is increased and thus = 0 means a perfect symmetric basin [19, 35, 63] . In our study, the AF was measured as 62.93 for selected parts of the Saryu River (see Figure 7 (b)) in which the AF > 50 may point to the tectonic tilt to the left (looking downstream), reflecting the uplift in opposite direction. We observed that most of the terraces on the right bank are elevated compared to the left bank. Similarly, the values from 0.09 to 0.78 ( Figure 7(b) ) imply the ground tilting of the Saryu River basin.
Longitudinal Profiles and Stream Gradient Index.
The longitudinal profile is used to identify the tectonic and river response as it is a graph of the relationship between river elevation and river length [37] . The longitudinal profiles of the river show irregular pattern which might reflect disequilibrium conditions, suggesting uplift along active faults [56] . The sudden break in the river profile suggests the presence of knick points along the slope (Figure 7(c) ). The river gradient is nearly 100 m from Seraghat to Seri where the NAT and RF follow the river (see Figure 7 (c)). Thus, the increase in gradient even to the order of only 1 ∘ can promote incision and the head ward erosion of streams [64] and can also enhance the development of uptilted tributaries [65, 66] . The steep slopes along the knick points indicate differential uplift along channel or a disequilibrium state of channels due to tectonic and climatic perturbations (Figure 7(c) ). Further, the gradient index (GI) is used to understand the uplift along the knick points as it is a measure of perturbation along longitudinal profile and detects the recent tectonic activity by anomalously high index value [37] . The GI value oscillates from Seraghat to Seri between 34.98 and 280.01 (Figure 7(c) ). Thus, the higher GI values suggest the relatively higher tectonic upliftment. It is also suggested by the various geomorphic features along the Seraghat to Naichun, for example, river terraces, meandering path, and mass movement. In middle part the lower GI values are also supported by the deployment of river terraces and straightening of river valley between Raintoli and Ara. Further, the GI values (237) which are high at lower catchment show the higher tectonic activity as also suggested by the three levels of river terrace with natural levee deposits at Ara [22] . Thus, the almost higher values of GI also reflect the higher tectonic activity within the zone of NAT and RF.
Hypsometric Curve and Hypsometric Integration (HI).
Hypsometric curve is essentially a normalized cumulative frequency distribution of elevation [67] , whereas the hypsometric integral (HI) is the area beneath the curve which is related to the percentage of total relief to cumulative percent of area. The HI represents the relative distribution of elevation in a given area of a landscape particularly a drainage basin [67] . Thus, the hypsometric curves and integrals can be interpreted in terms of degree of basin dissection and relative landform age; convex-up curves with high integrals are typical for youth, undissected (disequilibrium stage) landscapes; smooth, S-shaped curves crossing the center of the diagram characterize mature (equilibrium stage) landscapes; and concave-up with low integrals characterized old and deeply dissected landscapes [67] . Dehbozorgi et al. [68] also classified the hypsometric curves according to the convexity or concavity: class 1 with convex curves (HI ≥ 0.5); class 2 with concave-convex (0.4 ≤ HI < 0.5); and class 3 with concave curves (HI < 0.4). Here, the HI values of selected drainage basins of the Saryu River are about 0.42, representing concave-convex hypsometric curves and thus mature stage of the river (see Figure 7(d) ). The hypsometric curves of the studied basin are concave at upper part and convex in the lower portion (Figure 7(d) ). The convexity in the lower portion of the hypsometric curve in the Saryu basin may be due to uplift along the zone NAT and RF [69] .
Ratio of Valley Floor Width to Valley Height ( ).
The was calculated with the help of GIS software at different locations of the Saryu River (Figure 8(a) ). The higher values along A-B and C-D sections (see Figure 8 35) , and I-G (0.6) suggest that the river actively incises its bed and flows along a relatively active mountain front and is subjected to pronounced upliftment and accelerated erosion [35, 69] . Generally, the values along the studied river are relatively low, thus indicating deep and narrow "V-" shaped valleys, and can be assigned to have undergone rapid upliftment [70] . Our field observations also show that the RF follows the path of the river at such points. The river attains a straight path along the V-shaped valley with increased erosional activity (see Figures 6(b) and 6(f) ). The values indicate that the river is deeply incised into the ground when it flows over an active fold or fault as has also been suggested by Dehbozorgi et al. [68] and Bull and McFadden [71] . The high values of in the study area are encountered at places where the RF comes in contact with the NAT.
Seismicity around the Area
The Himalayan region has experienced a number of M8 and M5-M7.8 magnitude earthquakes in the present century [73] . Pathak et al. [72] suggested that the entire Kumaun Himalaya is seismically active especially the northern part of the Lesser Himalaya and also pointed out that the SAT and NAT are relatively active. A GPS based research by Ponraj et al. [74] and Dumka et al. [75, 76] revealed that a maximum strain was accumulated in the northern part. Philip et al. [73] also argued that the tectonic activity along the active faults may also be responsible for ongoing seismicity within the region. Thus, the neotectonic activity as documented by the various geomorphic indicators and recurring movements along the faults within the region are in coherence with the epicentral distributions of small to moderate earthquakes around the study region (Figure 9 ).
Discussion and Conclusion
The RF is characterized by the right lateral strike-slip fault which runs parallel to the NAT for about 20 km along the Saryu valley from Seraght-Naichun-Raintoli to Seri section in the Central Kumaun Himalaya. The structural data suggest two phases of deformation, for example, 1 and 2 , the former is related to the development of schistosity and affected by tight to isoclinal folds and the latter may have resulted due to the development of crenulation cleavage. Similar conclusion has also been drawn by Joshi and Tiwari [9] in the rocks of the Saryu Formation of Almora nappe. The C-S structures in mylonites indicate SW to S movement as a consequence of continued compression of the Lesser Himalayan rocks. The macro-and microscopic features in the zone of RF are characterized by the mylonite belts and reduction of grain size with ribbonlike structure of mica grains and also a strong schistosity, pointing to the ductile deformation. Pant et al. [26] also suggested that the zone of mylonitic rocks has developed due to strain localization along the NAT. The fault kinematics also reveals the dextral shear for the RF by development of delta and sigma type of porphyroblast. The shear sense indicators such as asymmetric porphyroclasts, mica fish, and microfaulting indicate syn-deformation pattern. The Lattice Preferred Orientation (LPO) of quartz c-axis fabric shows an asymmetrical or monoclinic fabric and asymmetry of girdles pointing to dextral shear, indicating a top to S/SW movement.
The ductile shear zones are generally reactivated as strikeslip, normal, and oblique-slip faults [77] . In our area, fine grained mylonites may have continued shearing along the zone of the NAT and perhaps were responsible to make the region prone to brittle reactivation due to intensified tectonic activity in the Himalaya. Although the mylonite zones exposed in old rocks at the Earth's surface by uplift and erosion are generally considered to represent the deep portions of once active faults [78, 79] , the ancient exposed mylonite zones, on the other hand, have usually lost the corresponding upper brittle portion [80] . Thus, the ductile shearing of the area related to the continued compression along the NAT and the geomorphic activity could correspond to the reactivation of NAT as well as laterally formed fault, for example, RF.
The recrystallization of the rocks since the orogenic phase together with the quaternary geomorphic activity may have been related to increased seismic activity and consequent natural hazards in the vicinity of NAT and RF. However, no large instrumentally recorded earthquakes have been attributed to the NAT and RF and only a few small and moderate events are recorded. Since these data correspond to the youngest activity, they are in agreement with the geomorphic observations of a kinematic changeover from ductile to brittle-ductile deformation of recent right lateral strike-slip faulting within the zone of NAT. It also suggested that the brittle faults affected the basal shear zone of Almora nappe and represent the postshear zone structures formed as a consequence of neotectonic movements in response to still continuing compression due to northward movement of the Indian Plate [9] . The geomorphic and structural feature along the NAT may suggest the transpressional tectonic as recognized by the meandering and aggradation of sediment in form of river terraces at Nali and Naichun and natural levee flood plain deposit at the Ara and tilting of terrace. Further, the triangular cones and facets, huge landslide fans, and wide valley perhaps indicate the initiation of dip-slip component over the strike-slip Raintoli Fault and perhaps suggest the transtensional tectonic along the part of Saryu valley.
The neotectonic reactivation of the fault is further evident by wide and straight course of river, triangular fault facets, abandoned river channels, unpaired fluvial terraces, braiding nature of the river, and microseismic activity within the region. The recent tectonic activity is also manifested by morphometric parameters, which indicate that the area is strongly controlled by bedrock, hill slope, and stream processes under the influence of climate and tectonics. The titling of drainage basin, sinuosity pattern of river, V-shaped valley, and disequilibrium state of the river as well as upliftment of valley wall also point to the prominent evidences of tectonic activity along the RF in the zone of NAT. The reactivation of the RF is also documented using ongoing landscape evolution in form of the geomorphic features and recurring seismicity within the region.
